Introduction
So far, two types of serpentine minerals have been well characterized: a fibrous variety of chrysotile which has a structure based on a cylindrical lattice (WHITTAKER, 1956) , and antigorite which has a superperiod along the x axis, and a structure based on the double half-wave pattern (ZUSSMAN, 1954; KUNZE, 1956) . Recently, important structural details on another serpentine mineral, lizardite Mg3Si205(OR)4' have been obtained (RUCKLIDGE and ZUSSMAN,1965) .
The basic serpentine layer has two sets of octahedral sites which can be occupied by Mg and OR ions. This results in two orientation z~~O H @ . . /1g . . Fig. 1 , depending on which of the octahedral sites is occupied. The layer orientations are related by a rotation of 600 or 1800 about an axis parallel to z and passing through the middle of the hexagonal silicon net. The structure of lizardite from the original locality Kennack Cove, England, is characterized by a structure with some domains consisting of a one-layer sequence in either orientation, and some in alternating sequence with a two-layer repeat (RUCKLIDGE and ZUSSMAN, 1965) . Lizardite crystals from Avala Mountain, near Beograd, are characterized by equal number of domains in fl and y orientation (KRsTANovrc, to be published). More single crystals oflizardite have been found in the material collected nearby in the region of Radusa mine, and a domain structure between lizardite and six-layer orthoserpentine has been observed in one polytype.
Experimental
From the compact serpentinite it was possible to isolate a large number of plates which were suitable for single-crystal x-ray work. Oscillation photographs were taken in order to check cell dimensions and the quality of each specimen. All the crystals were either mechanically deformed, or they had grown disordered: the pronounced shift of :I:::t b was observed, and all projections except that on (010) were of very little use in the structure determination.
The crystals were divided subsequently into four groups:
(1) Those crystals characterized by equal hOl and hOZintensities. (2) Crystals with hOl reflections of unequal intensities, but with the difference in intensity far less pronounced than in group (3).
(3) Those crystals characterized by a marked difference between I(hOl) andI(hOl).
(4) Crystals showing a number of reflections which varied in intensity from crystal to crystal, and which could be indexed only on the basis of a six-layer cell.
Because the first example of group (1) crystals came from Avala Mountain, this division is named the Avala-type lizardite. The crystals are built of equal number of fl and y domains. They represent by far the largest number of crystals investigated so far. Crystals from group (2) were investigated in some detail: over-exposed x-ray photographs revealed no weak or diffuse reflections such as those indicating a two-layer domain structure in the lizardite from Kennack Cove. Therefore, unequal number of two types of domains (fl, y) are stacked along the z axis, the size of the individuals being so large that no coherency is practically retained among the x-ray beams from different individuals. The results of the detailed examination of crystals of group (4) will be discussed in a subsequent publication. Intensity measurement and subsequent calculations of the structure factors indicate that the crystals from group (3) consist of one type oflayer only. Crystals showing hexagonal morphology with the approximate dimensions 0.1 X 0.1 X 0.4 mm were mounted, and oscillation photographs were taken about the three axes. More accurate cell dimensions were obtained from powder photographs measured with the Straumanis technique (Table 1) . Two sets of intensity data were obtained from two crystals of slightly different shape which were found on two different specimens from the Radusa-mine locality. One of the crystals was later analyzed on an electron microprobe, and the total amount of cations other than Si and Mg was found to be less than 10/0 by weight. Multiple-film technique using both Ni-filtered Cu, and Zr-filtered Mo radiation was used in collecting intensity data. The usual corrections were made for Lorentz and polarization factors but no absorption correction was made: the atomic scattering factors were those from International Tables. In the present structure determination the first set of structure factors was calculated on the basis of trigonal coordinates, assuming that the symmetry of the basic serpentine layer is trigonal as was determined by RUCKLIDGE and ZUSSMAN on the composite crystals from Kennack Cove. With the overall temperature factor B = 2.0 an R value of 26°/0 was obtained.
Furthermore, the differences between several Fo and Fc values were of such a magnitude that this could not possibly be ignored. For this reason the space group was changed to Om; the refinement of the parameters was carried out on an IBM 7090 computer with a full-matrix least-squares program ORFLS (BUSING, MARTIN and LEVI, 1962 ) and constant weighing. The restricted number of reflections used in this work did not allow simultaneous refinement of the positional and thermal parameters.
It has been shown by several investigators (DANNER, FRAZER and PEPINSKY, 1960; GELLER, 1961; MEGAW, 1962) , that the positional parameters can be obtained with fair accuracy even when the thermal parameters are doubtful. We have however adopted the following procedure. Individual isotropic temperature factors were estimated from the Fourier map and from the structure of similar type for which such data were available (SHIROZU and BAILEY, 1966) . These values of assumed B were split in four sets: the difference in B for a particular atom in each set was 0.3 for Si, 0.5 for Mg and 1.0 for 0 and OR ions. Therefore the refinement of the positional parameters was carried out in four stages, each stage being characterized by the fixed set of thermal parameters. The lowest R value of 19.1 % for one set of intensity data, and 19.4%
for the other, was obtained for the B values given in Table 2 . Further attempts to reduce the discrepancy between observed and calculated structure factors were unsuccessful. On the basis of previous experience with the visual intensity measurement, it is believed that the accuracy achieved here is somewhat less than that obtained with good single crystals. In addition, measurement of the intensity of 60l and 601 reflections was difficult because of overlap.
Discussion
The y and z projections of the serpentine layer of lizardite are shown in Fig. 2 ; the displacement of the atoms from the idealized coordinates is indicated by the arrows. The z coordinates of the 0(1) and 0(2) atoms at the base of the tetrahedral layer differ by 0.4 A. A definitive explanation ofthis difference requires the knowledge of the y coordinates, which is not available at this time. However, the difference indicates that O( 1) is situated in the groove between the hydroxyl groups below it, while 0(2) is situated approximately (001) and (010) planes. The arrows indicate the shift of the coordinates over the row of hydroxyl ions. At the same time both oxygens are shifted along the axis from the initial coordinates. A similar separation of the basal oxygens has been observed in the structure of chrysotiles by WHITTAKER (1956) , who suggested that the separation was caused by the different radii of successive cylindrical layers. Since lizardite has a single-layer non-cylindrical structure, it is clear that the position of O ( 1) is not the only factor controlling the stacking of basic serpentine layers in chrysotiles, and that this distortion does not necessarily lead to a one-layer or a multiple-layer monoclinic structure.
The structural features of lizardite do not preclude the possibility of existence of a two-layer serpentine structure, not based on a cylindricallattice, with perhaps a slightly different value for the angle fJ than the value found in clinochrysotile (KRSTANOVICand PAVLOVIC,1964) . However, the distortion of the idealized net may help to explain the small number of serpentine polytypes as compared to the other trioctahedral minerals, such as cronstedtite, for which no significant distortion the basic structural unit is observed.
The interatomic distances Si-O (calculated with the y parameters of the ideal net) range from 1.54 A to 1.72 A, while the Mg-O distances range from 2.04 A to 2.17 A, with the mean value of 2.14 A. However, one set of Mg-OH distance is 2.5 A. These values suggest that the y parameters in the structure of lizardite must differ from those of the idealized net. The significance of these results is not now apparent, and must await more detailed study.
It is interesting to speculate that the shift of 0(1) toward the groove between the hydroxyl groups below it may be related to the observed difference in the z coordinate of the Mg ions. This difference, which amounts to 0.4 A, is considered to be significant. A somewhat similar effect, related to the oxygen shifts, has been reported in the structure of several polytypes of cronstedtite (STEADMANand NUTTALL, 1963) .
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